Land use regression model (LUR) for ultrafine particles in Brisbane by Karunasinghe, Jayanandana et al.
Land use regression model (LUR) 
for ultrafine particles in Brisbane
Jayanandana Karunasinghe1, Luke Knibbs2, Sam Clifford1, 
Farhad Salimi1, Lidia Morawaska1
1International Laboratory for Air Quality and Health, QUT, GPO Box 2434, Brisbane QLD, 4001 
2School of Population Health, UQ, Herston, QLD, 4006  
Traffic-related air pollution has been associated 
with a wide range of adverse health effects. One 
component of traffic emissions that has been 
receiving increasing attention is ultrafine 
particles(UFP, < 100 nm), which are of concern to 
human health due to their small diameters. 
Vehicles are the dominant source of UFP in urban 
environments. Small-scale variation in ultrafine 
particle number concentration (PNC) can be 
attributed to local changes in land use and road 
abundance. UFPs are also formed as a result of 
particle formation events. Modelling the spatial 
patterns in PNC is integral to understanding 
human UFP exposure and also provides insight 
into particle formation mechanisms that contribute 
to air pollution in urban environments. Land-use 
regression (LUR) is a technique that can use to 
improve the prediction of air pollution.
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To evaluate ground level spatial variation in 
PNC, dominated by UFPs in Brisbane 
• develop LUR models for PNC  of three size 
ranges of particles < 30 nm, < 414 nm and < 
3000 nm
• predict variation of UFPs sourced from traffic 
emissions and nucleation events 
• identify variations of UFPs on nucleation 
days, non nucleation days, weekdays and 
weekends 
Weekday Weekend Weekdays + 
Weekends
Weekdays
only
Weekends
only
Nucleation 
Event
Yes No Yes No Yes No Yes + No Yes + No
R2 R2 R2 R2 R2 R2 R2 R2
Particles < 
30 nm
0.38 0.25 0.25 0.23 0.26 0.30 0.27 0.18
Particles < 
414 nm
0.21 0.31 0.19 0.29 0.21 0.43 0.20 0.10
Particles < 
3000 nm
0.39 0.11 0.34 0.39 0.32 0.11 0.11 0.23
Model Particle size range R2 Predictors Coefficien
ts
P value VIF
1 Particles < 30 nm 0.38 (Intercept) ‐1.23E‐02 < 0.001
CV R2 - 0.002 – 0.6 Total light vehicles 2.86E‐03 < 0.001 3.02E+00
Weekday Commercial land use in 200 m 5.55E‐06 < 0.05 1.66E+00
Nucleation Services Land use in 1000 m 7.35E‐07 < 0.001 5.16E+00
Residential land use in 2000 m 2.90E‐07 < 0.001 2.80E+00
Manu & Industrial land use in 3000m 1.95E‐07 < 0.001 2.14E+00
Population density (k)  in 400 m ‐6.95E‐04 < 0.001 3.16E‐10
Road length in 100m ‐1.11E‐03 < 0.001 3.05E+00
Minor road length in 400 m 1.62E‐04 < 0.001 5.44E+00
Major road length in 100m 4.43E‐04 0.49 1.21E+00
Road density (k) with width in 50 m ‐1.86E‐01 < 0.001 1.16E+01
Traffic density (k) in 50 m 6.83E‐03 < 0.001 1.28E+01
Distance to airport 1.06E‐05 < 0.001 1.31E+00
Temperature 2.50E‐03 < 0.001 2.21E+00
Pressure 3.41E‐03 < 0.001 1.12E+00
s( hour of day) < 0.001
2 Particles < 414 nm 0.21 (Intercept) ‐4.78E‐03 < 0.001
CV R2 – 0.001- 0.7 Services Land use in 20m 2.16E‐04 < 0.001 1.887997
Weekday Commercial land use in 2000m 1.68E‐07 < 0.001 2.7614995
Nucleation Residential land use in 3000m 6.90E‐08 < 0.001 1.8894232
Manu & Industrial land use in 3000m 1.35E‐07 < 0.001 3.7782102
Major road length in 200m 5.60E‐04 < 0.001 1.5133246
Road density (k) with width in 50 m 2.82E‐02 < 0.01 2.5047897
Distance to airport 1.16E‐05 < 0.001 4.1485665
Distance to coast 6.24E‐07 0.82 3.6885809
Elevation ‐2.01E‐03 0.14 3.4380291
Temperature 5.17E‐03 < 0.001 1.8763214
Pressure 6.23E‐03 < 0.001 0.7388035
Humidity 2.95E‐03 < 0.001 1.3974995
s( hour of day) < 0.001
3 Particles < 3000 nm 0.39 (Intercept) 6.07E+00 < 0.001
CV R2   - 0.001 - 0.5 Total heavy vehicles 7.24E‐02 < 0.01 1.57E+00
Weekday Services Land use in 20m 3.75E‐04 < 0.001 1.54E+00
Nucleation Residential land use in 1000m 6.15E‐07 < 0.001 3.53E+00
Commercial land use in 1000m 1.17E‐06 <0.001 3.07E+00
Manuf & Industry  in 2000 m 4.26E‐07 < 0.001 1.94E+00
Major road length in 100m 2.97E‐03 < 0.001 1.39E+00
Road density (k) with width in 300 m 2.08E‐03 < 0.001 1.66E+00
Road density (k) in 400 m ‐1.60E‐01 < 0.001 1.29E‐04
Population density in 1000 m ‐5.76E‐03 < 0.001 9.88E‐11
Distance to coast 1.03E‐05 < 0.001 1.13E+00
Humidity 3.62E‐03 < 0.001 1.32E+00
Solar radiation 2.80E‐04 < 0.01 3.75E+00
s( hour of day) < 0.001
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Results
• Hourly PNC Models developed for weekdays and 
weekends of measuring, nucleation event days for three 
size range of particles
• Model explain more the variation of particles < 3000 nm 
than particles < 30 nm and < 414 nm 
• Model predicted more the particles < 30 nm than other 
two sizes during nucleation weekdays
• Model explained more mostly for weekdays than 
weekends for  particles < 30 nm
PNC conc. ( < 30 nm and < 414 nm and < 3000 nm )  at sites
Traffic flow pattern on nearby 
roads at sites
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Prediction of PNC, by R2
Generalised Additive Model (GAM) assisted by 
Least Angle Regression (LARS) in R
where ܥ௜ is the size-fractionated PNC, ߚ଴ is the mean size-
fractionated log PNC and ݂ hour௜ represents a smooth daily trend 
fit as a penalised B-spline (Eilers and Marx, 1996)
Calculate 
residuals
Find variable 
closest to 
residual
Add variable to Model
∑ 	௃௝ୀଵ ߚ௝ ௜ܺ௝	, each variable for only one buffer size
Test with LARS
select predictors 
with more 
explanatory 
power
Model fit in GAM
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